INTRODUCTION
T horium is a potential nuclear fuel since 232 Th can convert to 233 Th by absorbing slow neutrons [1] . Thorium is one of rare earth elements which are widely used for the preparation of advanced materials [2, 3] . Thorium can exist in several rare earth ore samples such as bastnaesite and monazite. Therefore, selective extraction of thorium have attracted significant attention to eliminate radioactive pollution [4] . For this purpose, various techniques such as liquid-liquid extraction [5, 6] extraction chromatography [7, 8] , functionalized resins [9, 10] , different adsorbents [11, 12] and ion imprinted polymers [13] [14] [15] [16] [17] have been applied for the selective extraction of thorium and other rare earth ions.
Molecular imprinting is a new technique has attracted the attention of researchers for effective recognation of chemical and biological molecules including aminoacids, proteins, enzymes, DNA, drugs and metals [18] [19] [20] [21] [22] . This technique allows selective and sensitive recognition of chosen target molecule by leaving artificial imprinted cavities in polymer matrix that provides high affinity to target molecule [23] . To synthesize molecularly imprinted polymer, the template molecule and functional monomers which can arrange around template are complexed interactively before polymerization. Then the rigid polymer matrix is obtained by polymerization of formed pre-complex and cross-linker reagent. After removal of template molecule from the polymer with suitable elution agent, the cavities remaining in the polymer that are complementary in shape, size and chemical functionality to the template. Consequently, the resultant polymer able to recognizes and rebinds selectively the template or other molecules that are chemically related to the template [24, 25] . This technique is used in many applications such as selectivity recognation and seperation [26] [27] [28] [29] , drug delivery systems [30] [31] , catalysis [32, 33] sensor technology [34, 35] . In addition, ion imprinted polymers (IIPs) have been used for the selective removal of metal ions from different matrices [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] .
In this study, the selective separation of Th(IV) in aqueous solutions and bastnaesite ore in the presence of other lanthanide ions such as La(III), Ce(III) and Eu(III) was performed by using Th(IV)-imprinted pHEMA-(MAAP) 2 -Th(IV) cryogel polymer. For this purpose, Th(IV) was complexed with N-methacryloyl antipyrine (MAAP) and the prepared (MAAP) 2 -Th(IV) complex monomer was polymerized with 2-hydroxyethyl methacrylate (HEMA) cryogel to prepare pHEMA-(MAAP) 2 -Th(IV) cryogel polymer by free radical polymerization. Th(IV) was desorbed with 5.0 mol.L -1 HNO 3 and thus were created Th(IV) imprinted on to p-HEMA-(MAAP) 2 cryogel polymer. In the process of selective binding of Th(IV) ion to Th(IV)-imprinted p-HEMA-(MAAP) 2 cryogel polymer, several factors such as medium pH, flow rate, initial Th(IV) concentration were investigated to determine optimum conditions. Selectivity studies were also carried out in the presence of Ce(III), La(III) and Eu(III) ions using Th(IV)-imprinted p-HEMA-(MAAP) 2 cryogel polymer. It was found that p-HEMA-(MAAP) 2 cryogel polymer displayed high selectivity toward Th(IV) ion.
MATERIALS and METHODS

Chemicals and Reagents
Metacryloylcloride, antipyrine, thorium(IV) nitrate tetrahydrate, Lanthanium(III) nitrate hexahydrate, Cerium(III) nitrate hexahydrate, Europium(III) nitrate hexahydrate, 2-Hydroxyethyl methacrylate (HEMA), Ammonium persulfate (APS) (MW: 27000), N,N,N,N-tetramethylethylenediamine (TEMED), N,N-methylenebisacrylamide (MBAAm), Polyvinyl alcohol (PVA) and all organic solvents were provided from Sigma-Aldrich (Steinheim, Germany).
Instrumentation
A Perkin Elmer model Spectrum 400 FT-IR spectrometer was used for the Fourier transform infrared (FT-IR) measurements. Scanning electron microscopy (SEM) analyses were carried out by using a FEI Quanta FEG 250 SEM system. The analysis of the Th(IV) and the other lanthanide ions was performed using a Agilent 7700 Series inductively coupled plasma-mass spectroscopy (ICP-MS). System with the following parameters: RF Power= 1600 W, sampling depth= 5.5 mm, analyzer pressure= 8,31x10 -5 Pa, helium flow in the collision cell= 5.00 mL.min -1 and plasma temperature= 9871 K. the measurements were done with three replicates (95% confidence level).
Preparation of Thorium(IV) Imprinted Cryogel Polymer Synthesis of Functional Monomer N-Methacryloylamidoantipyrine (MAAP)
The synthesis of the functional monomer MAAP was carried out apply in the previously reported recipe (Figure 1 ) [48] . 
Synthesis p-HEMA-(MAAP) 2 -Th(IV) Cryogel
Polymer (IIP) p-HEMA-(MAAP) 2 -Th(IV) cryogel polymer was prepared according to a previously reported method( Figure 3 ) [49] . For this purpose, 0.25 g MBAAm was dissolved in deionized H 2 O, and then 1.5 mL HEMA and 1.5 mL (MAAP) 2 Th(IV) complex monomer were mixed with this solution. Initiator APS (20 mg)/TEMED (20 µl) was added and the final mixture was placed into a syringe closed with parafilm and allowed to polymerize at -18 °C for 24 h. The frozen solution was allowed to thaw at room temperature. Finally, the prepared imprinted cryogel polymer was washed with EtOH and deionized H 2 O to remove impurities, which was then stored at +4 o C. 
Removal of Th(IV) from p-HEMA-(MAAP) 2 -Th(IV) Cryogel Polymer (IIP)
To obtain the 3-D cavities for re-binding of Th(IV), the template Th(IV) was successfully desorbed from the p-HEMA-(MAAP) 2 -Th(IV) cryogel polymer. For this purpose, the cryogel polymer was desorbed with 5.0 mol.L -1 HNO 3 as the desorbtion solvent for 1 h by using a peristaltic pump. This washing step was repeated until no Th(IV) was determined in the desorption solvent.
Characterization Studies
MAAP monomer and Prepared (MAAP) 2 -Th(IV) complex monomer were characterized by FT-IR spectroscopy, whereas p-HEMA-(MAAP) 2 cryogel polymer were characterized by and SEM technique. To obtain FT-IR spectra p-HEMA-(MAAP) 2 cryogel polymer, KBr was mixed with the dried polymer particles and pressed into a pellet form, and the spectra were then recorded.
For the SEM analysis of p-HEMA-(MAAP) 2 cryogel polymer were covered on the surface of platinum and coated with gold (thicknes of 20 nm). Then, SEM analyses were carried out.
To calculate the swelling ratio of p-HEMA-(MAAP) 2 cryogel polymer, the cryogel was dried and weighed until constant weight (m dried ). Then, it was placed in a 30 mL vial containing distilled water and kept at 25°C for 2 h. The cryogel was removed from water, wiped by a filter paper and weighed again (m wet ). The swelling ratio was calculated according to; S = m wet -m dried / m dried For the measurement of macroporosity percentage (M%) of cryogels, the mass of watersaturated cryogels (m wet ) was weighed. The cryogel was squeezed to remove free water which is found in the pores (msqueezed), and the mass of cryogel without water was weighted. M% was calculated according to; The distribution coefficient of Th(IV) ion between the columns containing IIP-NIP and aqueous solutions was calculated using the following formula:
where K d is the distribution coefficient, C i is initial Th(IV) concentration and C f is final Th(IV) concentration, V represents the solution volume (mL) and m is the polymer mass (g).
The selectivity coefficient (k) and relative selectivity coefficient (k ı ) for Th(IV) in the presence of other competing lanthanide ions can be calculated applying the following equation:
where K(Th(IV)) is the distribution ratio of Th(IV) ion and K(interfering ion) is the distribution ratio of potentially interfering ions.
For the reusability studies, binding and leach studies were repeated 10 times using same IIP. After each step, column containing IIP was washed with 5 mol.L -1 HNO 3 and deionized water.
Binding Studies of Th(IV) Ion from Bastnaesite Ore
Bastnaesit ore was selected as the real sample for the selective binding of Th(IV). For this purpose, 1 g powdered bastnaesite ore was leached using concentrated HNO 3 and H 2 SO 4 by microwave irradiation. Then, solution pH was adjusted to 5.0 using acetate buffer and volume of the final solution was distilled to 100 mL by deionized water. The prepared bastnaesite solution was passed through the columns containing IIP and NIP the under the optimum conditions. Analysis of the ions in the column output samples was performed by ICP-MS.
RESULTS and DISCUSSION
Characterization of MAAP and (MAAP) 2 Th(IV) Complex Monomer
Prepared (MAAP) 2 -Th(IV) complex monomer were characterized by FT-IR spectroscopy, which proved that monomer and complex monomer were synthesized. The obtained FT-IR spectrum of the functional monomer MAAP is given in Figure  4 . The spectra shows the characteristic bands of monosubstituted benzene ring at 713.6 cm −1 and strong bands at 1412.7 cm −1 indicating conjugation at aromatic ring and CH2 vibration band. The absorption bands due to amide carbonyl were observed at 1659.5 cm −1 . Aromatic and aliphatic C-H bands were observed at 3032.5 and 2991.0 cm −1 , respectively and N-H band at 3209.5 cm
confirmed the MAAP structure. In the FT-IR spectrum of complex monomer, the absorption band at 1659.5 cm −1 due to amide carbonyl was shifted to 1662.3 cm −1 due to the interaction between carbonyl bond and Th(IV). The C-N strength band at 1114.7 cm −1 was shifted to 1151.4 cm −1 , indicating Th(IV) interaction. Thus, this FT-IR spectrum confirmed synthesis of (MAAP)2-Th(IV) complex monomer.
Characterization of Th(IV)-Imprinted p-HEMA-(MAAP) 2 Cryogel Polymer (IIP)
p-HEMA and Th(IV)-imprinted p-HEMA-(MAAP) 2 cryogel polymer (IIP) were characterized by FT-IR and SEM. Figure 5a shows the FT-IR Spectra p-HEMA and Th(IV)-imprinted p-HEMA-(MAAP) 2 cryogel polymer (IIP). As can be seen, p-HEMA and Th(IV)-imprinted p-HEMA-(MAAP) 2 cryogel polymer (IIP) exhibited FT-IR patterns with small differences which confirms the similar polymer backbone. The pore structure and pore size of Th(IV)-imprinted p-HEMA-(MAAP) 2 cryogel polymer (IIP) were visualized with SEM images as seen in Figure 5b . As shown in the figure 5b, the p-HEMA-(MAAP) 2 cryogel polymer has interconnected pores and porous structure. Pore size was found about 50 µm. The equilibrium swelling degree and macroporosity of the p-HEMA-(MAAP) 2 cryogel were 6.74 g H 2 O/g cryogel and 77.61%, respectively.
Binding Studies of Th(IV) on IIP and NIP pH effect on Th(IV) Binding
The change in amount of Th(IV) binding to the IIP and NIP as a function of pH was investigated, as seen in Figure 6 . The maximum Th(IV) binding to the IIP and NIP pH 5.0. This could be explained by electron transfer based covalent cross-linking between Th(IV) and antypirine of the functional monomer at pH 5.0 [13, 50] . Figure 6 clearly shows effect of pH on Th(IV) binding to theIIP and NIP. As seen in the figure, the values higher and lower than pH 5.0 lead to low binding of Th(IV) to the IIP and NIP, which can be explained by the repulsive electrostatic interactions between bound Th(IV) ion and antipyrine monomer. The binding efficiency may decrease because of the size of conformation and the lateral electrostatic interactions between adjacent Th(IV) ion on the IIP and NIP. 
Flow Rate Effect on Th(IV) Binding
The flow rate of the Th(IV) solution pumped through the cryogel is one of the crucial parameter for the control of binding process [51] . The flow rate effect on the binding of Th(IV) was explored by changing the flow rate from 1.0 to 5.0 mL.min -1 . 10 mg.L -1 Th(IV) solution was used for this purpose. Owing to the back pressure produced by the column, the flow rates higher than 5.0 mL.min -1 could not be investigated. As shown in Figure 7 , increasing flow rate resulted in a decrease in the binding of Th(IV) from 97.52% to 65.26% binding capacity.
Initial Th(IV) Concentration Effect on Th(IV) Binding
Initial Th(IV) concentration dependence of the bound amount of the Th(IV) on to IIP and NIP is depicted in Figure 8 . As can be seen, Th(IV) binding increased when initial Th(IV) concentration is increased, and an equilibrium was obtained at a Th(IV) concentration of 3000 ppm. The maximum binding capacity was obtained as 48.30 mg.g -1 for IIP , while that of NIP was 6.72 mg.g -1
. it was found that maximum binding yield obtained was fairly good result when compared to other studies 52 ].
Regeneration and Reusability of the Th(IV)-Impirinted pHEMA-(MAAP) 2 Cryogel Polymer (IIP)
One of the crucial advantage for an affinity material for the recognition and separation processes is its reusability. To test the reusability of the prepared IIP, Th(IV) binding and elution cycle was repeated 10 times using the same cryogel ( Figure 9 ).
The elution of Th(IV) from the IIP was performed by using 5.0 mol.L -1 HNO 3 as the desorption solution and complete removal of Th(IV) was achieved after the desorption step. It was found that the binding behavior of the IIP towards Th(IV) did not changed significantly after ten binding and desorption cycles. Thus, one can easily say that the IIP are stable and the IIP can be used many times without significantly loss of their binding capacity.
Selectivity Studies
Competitive binding of Th(IV)-La(III), Th(IV)-Ce(III) and Th(IV)-Eu(III) were also explored in a column system. The obtained results are given in Table 1 . Th(IV) imprinted cryogel polymer (IIP) exhibited higher selectivity toward Th(IV) ions over La(III), Ce(III) and Eu(III) ions. Kd values for the IIP were compared with NIP. The obtained results confirmed that the relative selectivity coefficients of the IIP for the Th(IV)/La(III), Th(IV)/ Ce(III) and Th(IV)/Eu(III) were 77, 108 and 96 times higher than the corresponding NIP, respectively. As a result, it was found that the prepared Th(IV)-imprinted cryogel polymer exhibited a high selectivity to Th(IV) ion in the presence of other lanthanides [13] .
Selective Separation of Th(IV) from Basnaesite Ore
The outcomes of the binding experiments of Th(IV) from bastnaesite ore, which provided from Eskişehir-Sivrihisar region are given in Figure 10 . The results showed that the IIP displayed 95.88% binding toward Th(IV) while NIP showed 29.76% binding.
CONCLUSION
In this study, a new IIP (p-HEMA-(MAAP) 2 ) that shows high affinity and selectivity toward Th(IV) was prepared. The obtained results showed that the prepared IIP selectively binds Th(IV) ions in the presence of other lanthanide ions Eu(III), Ce(III) and La(III) from aqueous solutions and bastnaesite ore . Under the optimum conditions, the maximum binding capacity of the prepared IIP was obtained as 48.30 mg.g -1 . Consequently, a separation material has been developed which will contribute to the separation and preconcentration of the Th(IV) by the IIP, specially designed for use in nuclear power plants as an alternative to uranium, from other components with high selectivity. 
